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[57] ABSTRACT 

A noise suppression device for automobile stereo com- 
ponents having a noist suppression circuit interposed 
between the output of the audio source and the input of 
the amplifier section. The suppression circuit has a dif- 
ferential amplifier or an operational amplifier to elimi- 
nate noise from the source. In a multi-amplifier system 
the noise suppression device is interposed between the 
pre-amplifier and the primary amplifiers. 

7 Claims, 7 Drawing Figures 
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NOISE SUPPRESSION SYSTEM ™£ EF DESCRIPTION OF THE DRAWINGS 

, In the drawings: . 

BACKGROUND OF THE INVENTION FIQ. 1 is an explanatory circuit diagram showing the 

This invention relates to a noise suppression device 5 PP nnect | n g condition of the audio source and the ampli- 

for audio equipment, and more particularly to a noise ^ er s^ 01 ^ 

suppression device provided between an audio source 2 is an explanatory diagram for explaining the 

and an amplifier section or between a pre-amplifier and u5e of * e noi . se suppression device according to the 

a main amplifier to eliminate a noise component in an P^SS? | nventi ? n i. 

automobile stereo set. , 10 FI°: 3 is a circuit diagram showing the first embodi- 

In the component car stereo, an audio source A, such accordin S to ^e present invention; 

as a cassette tape deck or an FM receiver, is coupled to wJ? 0 ' 4 ls a cucuit d^B™ 1 showing the second em- 

an amplifier section B as shown in FIG.. 1 by means of boa^ment according to the present invention; 

shielding wires. In the case where an impedance of the G ' 5lsa circmt diagram showing the third embodi- 

grounded wire I' is not neglegible, various noises ema- 15 m Fj according to. the present invention; 

nating from automobiles, such as switching noises, igni- i ?■ 6 *f. f 11 explanatory circuit diagram showing the 

tion noises, horn noises or the like, will be applied to the ^i^P™ 61 " ? ystem; ^ 

grounded wire l' f thereby causing a noise current to- . J,. 7 * a C \ rcuit dia S ram showing the fourth em- 

flow therethrough. For this reason, the noise voltage e„' P™™ 1 * according to the present invention in the case 

equivalents coupled in series to the audio source oiit, : 20 of ^ multi-amplifier system. 

put signal e/ will be applied between the output terminal*. . : , DETAILED DESCRIPTION OF THE 

Eoo/of the audio source A and the input terminal E,- a of , ' PREFERRED EMBODIMENTS 

the amplifier section B, it is then amplified by the arapli- A „ u _,. 

fier section and emitted from a loud speaker (not shown « « A u ? to the P resent inven - 

innai)coupIedtotheoutputoftKplulerseS 25 *° n wiU * deSCnbed , with reference to FIGS. 2 and 3. 

B. In addition, since a part of the power source current tZT^^^^l^^ to this A emb J odi - 

of the amplifier section A flows in the grounded path, men l? ^erposed between an audio source A and an 

the ripple voltage thereof will be superposed onto f fc ^ m F ? G ; * 

signal flowing between the output iLr of the auto w T"* A m * y * ^ fassettetape deck FM receiver 

source A and the input termi J E, ff of the tl?*™^ ^^TT °f * E 

section B. This creates unwanted distortion. P ^TSS ^ * m ^P* * J?"* 

In order to eliminate the aforementioned of these SSLSHTi VT„ °J dl ^^ ™Pj^ 

problems it has been conventionally proposed to inter- ^l?^^*'* ^} * lff *™«*™P^" 

L*.- * r *- r i_ . * K \ F , ; left channel is made up of transistors Oi and O? bavins 

pose a lme transformer or photo-coupler between the « . . , LT 1* . * 

• i r j* * , , . 35 * emitters connected commonly through-load resistors 

output terminal of the audio source A and the input p . q „j D ^._^,_ u , . 7 , *T * 

t<*rmiT, n i «f o^ur^ .^ : r D • V R i and R 2 , respectively, and a constant current source 

tenrnnal of the wnphfier section B <>r m a mult!- transistors Q 5 having a collector coupled to the com- 

rdt^T^f ^ r? PU w° ' 8 p ^™P h * er moniy connected emitters of the transLors Q a^S. 

H ™™l f th \ bne ^ e differential amplifier for the right tel 

transformer technique is disadvantageous in that it has a : 40 , comprises transistors Q 3 and Q 4 having emitters con- 
large physical configuration and is relatively heavy. , necte ^ commonly through load resistors R 3 ^dT, 
SSftJ^ ,f a 'lively, and a consLt current source transistor 

^IrT^Ti ^ C f ? fT* I 1 " ^ Q < a co,lector ^Med to the commonly con- 

coupler, because the linearity of electrical properties is- nected emitters of the transistors Q 3 and Q 4 . 

™?^Y l^T T^ Q ? US m ^ *J deHty * de " 45 ■ R 5 ™* are bias resistors for the first and second 
^aded. In addition, the photo-coupler is also expensive. differential amplifiers, respectively, wherein the resistor 
In the mulu-amplifier system, a number of the lme trans- R 5 is connected between the bases of the transistors Qi 
formers or the photo^oup|ers must be provided, the and (fc v hile the resistor IU is connected between the 
overall audio equipment will accordingly become ex-. base s G f the transistors Q 3 and Q 4 . R7 and Rg are resis- 
pensive. 50 tors f QT app ii cation ^ of the differential 

SUMMARY OF THE INVENTION fiei ^ ° 3 fe a cou P lin 8 capacitor. L in and l*, ttt designate 

A . t . „ t input and output terminals for the left channel, respec- 

Accordingly, an object of the present invention is to tively. Likewise, R,-„ and Redesignate input and output 

provide a noise suppression device which eliminates the terminals for the right channel. E,„ is a common input 

aforementioned drawbacks. 55 terminal to both left and right channels and E 2 is a com- 

Briefly, and in accordance with the present invention, mon tertninal for both the first and the second difFeren- 

tne noise suppression device in interposed between the rial amplifiers. C is a smoothing capacitor, which is 

output of the audio source and the input of the amplifier interposed between a positive power battery +B and 

section. In the multi-amplifier system the same is inter- the terminal E2. 

posed between the output of the pre-amplifier and the 60 Assuming that a noise voltage e„ is induced between 

input of the main amplifier. The noise suppression de- the terminals Ei and E 2 as is mentioned in FIG. 1, the 

vice is essentially provided with a differential amplifier noise voltage e„ will be directly applied to the common 

or an operational amplifier, which eliminates the noise . input terminal E^ and the common terminal E 2 as mdi- 

signal emanating the source, typically from an automo- cated in FIG. 3. The noise voltage e„ will be applied 

bile where the equipment is mounted. The features of 6S through the coupling capacitor C 3 to the bases of the 

the present invention will become more apparent when . transistors Q2 and Q3. Correspondingly, a signal corre- 

read with the following description in conjunction with spending to the audio source output e/ on which the 

the accompanying drawings. noise voltage e ff is superimposed, i.e.e/+e„, is applied to 
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the input terminals L,>, and R/„, whereby the signal 

corresponding to e,+e„ is applied to the bases of the Rr (|) 

transistors Qi and Q4. Since the signals e ff and e^+e,, are '»« = -to + e »> "/77J" 
the same phase, a differentia] signal of the signals e/+e n 

and en. i.e., -K(e,+e„-e„)=-Ke/, appears on the 5 where _ e «.Ri2/Rn is the noise component Con- 

output terminals L^/ and IU, of the differential amplifi- versely, a gain G/v of the operational amplifier D 

ers. The signal appearing thereon exactly corresponds viewed from the side of the non-inverted input terminal 

to the audio signal output derived from the audio source [Nin] will be (Rn+Ri2)/Ru and because the noise 

A. Accordingly, the noise voltage e„ is not contained in voltage e„ is divided by the resistors R )3 and R14, the 

the signals obtained from the output terminal L^* the 10 output e„,vof the operational amplifier in this case will 

common terminal E2, the output terminal K tw1 and the become: 
common terminal E2. As a result, only the audio source 

signal a is purely transmitted to the amplifier section B Ru + Rn R ^ ^ 

coupled in the manner as shown in FIG. 2. Therefore no = e » Ril + Rt4 

noise is included in the sound emitted from loud speak- 15 

ers coupled to the outputs of the amplifier section B. Here, the condition for not containing the noise com- 

The system shown in FIG. 3 is for a stereophonic ponent e n in the output of the operational amplifier is 

reproduction, however, it can also be used for a mono- the case where the noise component -e„.R l2 /Ri 1 in the 

phonic reproduction by employing either of the left or ^ output ewi from the inverted input [Rin] and the output 

the right channel circuit font the non-inverted input [Nm] as indicated in equa- 

As described, since the first embodiment according to tion (2) are equal to each other. That is, 
the present invention employs at least one differential 

amplifier in order to suppress the noise emanating from ■ R R + R R 

automobile ignitions or the like, only the audio source 33 ~ r * ' 1^7 = — "a,, 12 ■ Rn + R • 

signal can be transmitted to the amplifier section regard- W 

less of the impedance between the audio source and the following relationship can be obtained: 

amplifier section. v 

The noise suppression device in accordance with this R\i/R\\-R \a/r u (4) 
embodiment has excellent electrical properties in com- 30 

parison with devices employing a transformer or a Accordingly, insofar as the resistance ratio of the 

photorcoupler. Further, since it can be formed on an IC resistors Ri 1 to R 14 given by equation (4) is satisfied, the 

chip, it can -be mass-produced at low cost. Furthermore; noise component can be totally eliminated whatever the 

it is small in size and light in weight in comparison with gain of the amplifier and the ground impedance may be. 

the transformer and is accordingly convenient for 35 Thus, only the audio source output signal can be deliv- 

mounting on the automobile such as dashboard loca- ered to the amplifier section B. 

tions. The third embodiment according to the present in- 

The second embodiment according to the present vention will be described with reference to FIG. 5, in 

invention will next be described with reference to FIG. which like symbols refer to like sections or like parts as 

4, in which like symbols refer to the like sections or like 40 tftose shown in FIG. 4. This embodiment is as a whole 

parts as those shown in FIGS. 1 to 3. Reference symbol similar to the second embodiment in that it employs an 

D designates an operational amplifier interposed be- operational amplifier. The description of the connecting 

tween the audio source A and the amplifier section B. relation or the connected elements common to FIG. 3 

The operational amplifier D has an inverted input tenni- wil1 te omitted herein to avoid repetition, 

nal [Rin] and a non-inverted input terminal [Nin]. The 45 ^ P° wer source V„ provided in the operational 

audio source output E»/ is applied through a resistor ""PMfcr D is supplied from the power source of the 

Rn to the inverted input [Rin] and the output of the ""PM** 1 seclum B. The terminal of the resistor R u at 

operational amplifier D is fed back to the inverted input 2* ? round ^ Slde 15 connecled to the grounded point 

[Rin] through a resistor R 12 . A power source terminal _ ?* ofthc audio source A. In this case the output e.Arof 

V*. provided in the operational amplifier D is coupled 50 ?* °£ ^^^^.^J^ from non " 

to the non-inverted terminal [Nin] through a resistor mVerted mpUt ®* m] Wl11 beCOme: 
R13 and the non-inverted terminal [Nin] is coupled to 

the grounded point E 2 of the amplifier section B *" + *" *» (5) 

through a resistor R t4 . Battery voltage Vcr provided in 53 " Riy + * u 

the operational amplifier D, is supplied from the battery . 

of the audio source A. Accordingly, the condition for not containing the 

In the above construction, if noise voltage is induced noise ^P 00 * 11 e » in the output of the operational 

between the grounded point Ei at the side of the audio »M |fier 15 determined by equations (1) and (5). That is, 

source A and the grounded point E 2 at the side of the <o < 6) 

amplifier section B, the applied voltage to the inverted - 

input [Rin] win become e,+e„ considering the A s described , in this ^embodiment .insofar as the resis- 

grounded point E 2 as a reference. In this situation, a tance of the ,^5^ Rn to R HC onnected to the 

gain G/t oT the operational amplifier viewed from the operational amplifier satisfies equation (6), only the 

side of the inverted input terminal [Rin] will be 63 audio source signal will be transmitted to the amplifier 

R12/K1 1 in the case where the audio source impedance section B regardless of the noise component. Further- 

is sufficiently small. Therefore, the output e^ of the more, because no elements which cause distortion are 

operational amplifier will become: interposed m the transmission lines between the audio 
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source and the amplifier ,seetion, additional distortion terminals I 2 to l„ of the .respective main ampli fiers B 2 to, 
will not be produced, other than theprimary distortion B„ through the bandpass .fitters F^tcr F m ,The bandpass' 
caused by the audio, source, amplifier e r tc. .-. . filters F 2 to Shaving different passing, l?and. ranges are! 

The noise suppression systenis in accordance with the employed for channel dividing. T>e, grounded terminals 
second and the tjijrd embodiment also have excellent^ 5 E 2 tp. E„ of .: the, main amplijfiers, are, coupled through 
electrical properties in comparison with the devices filters^ to F„ta thegrounded terminals pf the oWeren- 
employing^a transformer or flie photo-coupler^ Addi- tial amplifiers D 2 to D m respectively/ R^fer^nceiSymM 
tionaly, since they can be formed in IC chips, .they can G denotes smoothing, capacitors and V denotes, a car 
be mass-produced at low cost Furthermore, they are battery. , . >. : . , >\ v . 1 

small in size : aiidligHt in weight in comparison with the 10* Assuming that npise voltage e„ i^w! induced, be- 
transform'er, ahdas the case with the preceding embodi- tween the terminals Ex and E 2 is shown in-FIG.,6, it wilb 
ments can conveniently be mounted in automobiles. ^ be appreciated that in FIG. 7 the noise vpltage e^is 

A fourth eihtodimerit will be described with refer- directly applied, between the: non^inverted input termi- . 
ericeto FIGS. Vand 7. This embodiment isdirected to nal. of the. differential amplifier D 2 ,and the grpunded 
a noise suppression device for use in a multi-amplifier Ms terminal thereof (common terminal). On- the other hand, 
system mounted in' the Automobile.- In the ' niulti- at the non-inverted terminal thereof, thp: signal having a 
amplifier system 'where at least two main amplifiers are voltage a on which the noise voltage e„ issuperim- 
operated iri- accofdahce'With the output of a single pre-' posed, i.e., e/H-c, is applied. The voltagefeAis such that 
amplifier, the grounded input terminals of the respec- the output signal voltage e,of the pre-amplifier is sub- ... 
tfve mam amplifiers are cdmmonly connected in the ejected to fade controlling; In this situation, ; since both 
preceding ipre^amplifier; ■ thereby forming a 'ground signals e a and e/ + e„ are the same phase, a signal ; resiiJt& 
loop. Due to the^groUnd loop, anoise component super- equal to K;e/[=K<e/Hre„^:e„)] at output of tjje"' 
imposed 01* the power, supply lines is applied to the differential amplifier D 2 , I is an amplifying degree of the 
inputs of the: main amplifiers. As, a result, the noise differential amplifier D 2 . Accordingly,, theAnoise* volt- 
component is augmented by the main amplifiers, .25 age e^ is totally eliminated by the provision of.the^ffer T , 
thereby, irritating listeners. * , , : l . : : ential amplifier D 2 . This is equally.^ 

The above-described condition : will be explained differential amplifiers D3- to D^- Therefore, only tjie , t 
more in.delail.referring toFIG. 6, FIG. 6 shows a muluK signal in accordance withythe ou&^ 
amplifier system, jo which an output signal, e/ of the. pre-amplifier, A -is pure1y : transmitted to theipain ampii^ 
pre-amplifier A is applied to input terminals Ii and I 2 of 30 fiers 3i to B„. Hence noise is not produced iii the;assoct V 
two main amplifiers Bj and B 2 , respectively. Loud ated loud speakers SP 2 to SP„. 

speakers SPi and SP 2 are coupled to the output termi- In the above embodiment, the output of the pre- 
nals Oi and O2 of the main amplifiers Bi and B2, respec- amplifier is adjusted via fade controlling resistors; how- 
tively. Suppose that the distance between the pre- ever, it is possible to omit such resistors if necessary, 
amplifier A and the main amplifier B 2 is substantial: an 35. The noise suppression device according to this em- 
impedance between grounded terminals E A and E 2 will bodiment can also be formed in IC chip and therefore it 
not be negligible. Accordingly, a noise current emanat- can be mass-produced in low cost In addition, the de- 
ing from automobiles will flow in the grounded path vice can be very compact, 
therebetween. Therefore, the noise signal equivalently What is claimed is: 

coupled in series to the output signal e/ of the pre- 40 1. A noise suppression device for automobile audio 
amplifier A is to be applied to the input terminal I 2 the equipment comprising, a differential amplifier coupled 
main amplifier B 2 , which will then be amplified by the between an audio source and an amplifier for amplifing 
main amplifier B 2 and emitted from the loud speaker a signal derived from said audio source, said audio 
SP 2 as noise. In addition, since a part of the power source and said amplifier each grounded to the automo- 
source current of the main amplifier flows in the 45; bile by grounded terminals, said differential amplifier 
grounded path, the ripple voltage thereof will be super- having a first input terminal coupled to a grounded 
imposed on the signal flowing between the output ter- terminal of said audio source, a second input terminal 
minal of the pre-amplifier A and the input terminal coupled to an output terminal of said audio source and 
I 2 of the main amplifier B 2 , thereby yielding unwanted a common terminal common to said amplifier, to apply 
distortion. 50 the signal introduced between an output terminal and 

Referring to FIG. 7, an output signal e/at the output the common terminal of said differential amplifier to 
terminal of the pre-amplifier A is applied through a said amplifier. 

variable resistor Ri for fade control and a bandpass filter 2. A noise suppression device for automobile audio 
F| used as a channel divider to the input terminal Ii of equipment comprising, an operational amplifier coupled 
the mam amplifier Bt having a loud speaker SPi at its 55. between an audio source and an amplifier for amplify- 
output It is now assumed that the distance between the ing a signal derived from said audio source, said audio 
mam amplifier Bi and the pre-amplifier A is small rela- source and said amplifier each grounded to the automo- 
tive to the distances between the main amplifiers B 2 to bile by grounded terminals, said operational amplifier 
B„ and the pre-amplifier A and that the impedance be- having an inverted input terminal coupled through a 
tween the grounded terminals Ea and Ej is negligible. 60 first resistor element Rj to an output of said audio 
The output terminal O a of the pre-amplifier A is source, an output terminal being fed back through a 
coupled to the non-inverted input terminals of the dif- second resistor element R 2 to said inverted input termi- 
ferential amplifiers D 2 to D„ through fade controlling nal, a power source terminal to which a power source 
variable resistors R 2 to R„, respectively. The grounded of said audio source is supplied, a non-inverted terminal 
terminal E A of the pre-amplifier is, on the other hand, 65 and a grounded terminal, wherein a third resistor ele- 
connected to inverted input terminals of the respective ment R3 and a fourth resistor element R*are connected 
differential amplifiers D 2 to D„. The outputs of the in series between said power source terminal and said 
differential amplifiers D2 to D„ are coupled to the input grounded terminal of said operational amplifier and a 
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juncture point of said third and said fourth resistor ele- comprising a number of differential sections, the hum- 

ments is connected to said non-inverted terminal and ber being one less than the number of said main amplifi- 

wherein said resistor elements Ri to msatisfy a relation- e rs and which being respectively coupled between an 

mpcfRi/Ri**R4/R* ' . output of said pre-amplifier and inputs of said main 

3. A noise suppression device for automobile audio 5 amplifier except one main amplifier, wherein the output 
equipment comprising, an operational amplifier coupled of ^ preamplifier is applied to first inputs of said 
between an audio source and an amplifier for amplify- m ^ ^ ^ grounded ^ nal of ^ 
mg a signal derived from said audio source said audio b connected to second inputs of said dif- 
source and said amplifier each grounded to the automo- L r «„ f ut M ., ~> +u~* . * r.u 7. " 
bile by grounded terminals, , said operational amplifier 10 

having an inverted input terminal coupled through a ent . ial are ^P 1 '* lo m P uts of ^associated 

first resistor element R| to an output of said audio amplifiers. 

source, an output terminal being fed back through a C . a0I ? c ^PP"*** 00 device as claimed in claim 4> 

second resistor element R 2 to said inverted input termi- wherein a distance between said pre-amplifier and the 

nal, a power source terminal to which a power source 15 mmn amplifier to which said differential amplifier is not 

of said amplifer is supplied, a non-inverted terminal and is relatively shorter than distances between said 

a grounded terminal, wherein a third resistor element pre-amplifier and the remaining main amplifiers to 

R3 and a fourth resistor element R4 are connected in which said differential sections are coupled respec- 

series between said power source terminal and said tively. 

grounded terminal of said operational amplifier and a 20 & The noise suppression device as claimed in claim 4 

juncture point of said third and said fourth resistor ele- or ^ further comprising the plurality of bandpass filters 

ments is connected to said non-inverted terminal and having a different passing band ranges one another, said 

wherein said resistor elements R| to R4 satisfy a relation- bandpass filters being connected between the output of 

ship of R2/R\=Ry/R4* said pre-amplifier and the inputs of said main amplifiers 

4. A noise suppression device for multi-amplifier 25 respectively. 

system automobile audio equipment including at least 7. The noise suppression device as claimed in claim 4 

one pre-amplifier and a plurality of main amplifiers, said or 5 further comprising the plurality of variable resistor 

pre-amplifier and main amplifiers each grounded to the elements respectively coupled between the output of 

automobile by grounded terminals, comprising; differ- said pre-amplifier and the inputs of said main amplifiers, 
ential amplifier means, said differential amplifier means 30 
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